ABSTRACT Two experiments were conducted separately with different concentration of dietary energy and protein to evaluate the performance, blood characteristics and bone mineral density (BMD) of broiler chicks. In experimentr 1, a total of 480 heads one-day-old Ross × Ross broiler chicks were randomly divided into 6 treatments (5 replications; 16 birds/pen). Three concentration of ME (3,000, 3,100 and 3,200 kcal/kg) and two of CP (pre-starter 22, 23%, starter 20, 21% and finisher 18, 19%) in a 3 × 2 factorial arrangement of treatments were used. In experiment 2, similar chicks and CP concentration was used but ME concentration was changed (pre-starter; 3,000, 3,050 and 3,100 kcal/kg, starter; 3,050, 3,100 and 3,150 kcal/kg, finisher; 3,100, 3,150 and 3,200 kcal/kg) in the diet. In both experiments, 10 blood and tibia samples were collected per treatment and blood characteristics and BMD were analyzed. In experiment 1, weight gain and feed intake were increased by the 3,000 kcal/kg ME in the diet (P<0.05). Serum total protein and albumin levels were increased numerically with the level of CP in the diet. Total cholesterol and HDL content were increased numerically with the energy content in the diet. Consistently in experiment 2, weight gain was increased numerically by the energy and protein level (prestarter 3,000 × 23, starter 3,050 × 21 and finisher 3,100 kcal/kg ME and 19% CP) in the diet. Serum glucose level was increased with the energy level in the diet (P<0.05). Therefore, serum total protein, albumin, triglycerides, total cholesterol and HDL contents were tended to increase with the energy increments in the diet.
INTRODUCTION
During the last decades, genetic selection programs, improvement of nutrition and rearing environments may enhance growth performance of broiler chicks (Jang et al., 2009 ).
Therefore, most of the nutrient requirements released by NRC (1994) may be slightly low for maximizing the growth yields of broiler chicks. But, dietary energy and protein contributing ingredients have played a major role of feed cost. Higher dietary level of ME and CP is costly, whereas lower level may affect growth performance. On the other hand, high dietary energy content in the diet caused deposition of excess abdominal and carcass fat and low dietary protein have decreased meat yields and increased fat deposition (Tumova and Teimouri, 2010) . In the Republic of Korea, the commercial poultry industry has greatly increased and broiler chicks have reached 1.8 to 2.0 kg body weight at 33∼35 days (Jang et al., 2009 ).
To meet the domestic demands in Korea, major feed ingredients have been imported from USA, Brazil and China etc.
Therefore, considering the high cost of feed, it is important to optimize energy and protein levels to maximize growth and meat yield of broiler chicks.
In commercial production, different levels of ME (2,926 to 3,300 kcal/kg) and CP (16 to 23%) are used in formulating broiler diets (Saleh et al., 2004a ,b, Pesti, 2009 . Furthermore, the efficiency of energy use decreases as the bird advances with age (Hidalgo et al., 2004) . Several researchers (Saleh et al., 2004 , Griffiths et al., 1977 and Bartov et al., 1974 mentioned that increasing concentrations of dietary ME while maintaining a constant ratio to CP of broiler diets improves feed conversion without increasing fat deposition. Because providing nutrients at either an excessive or marginal concentration to the bird's requirement can depress broiler growth.
On the other hand, the response of broiler chicks to dietary ME and CP may be different according to the stage of growth and bone development. But, most previous researchers did not evaluate the level of energy and protein in different growth stage (prestarter, starter and grower) of broiler chicks. Meanwhile, it is an important issue to optimize the dietary energy and protein level with different growth stage of modern broiler chicks. Therefore, two experiments were conducted consecutively to optimize the levels of dietary ME and CP on the performance, bone mineral density and blood characteristics composition of broiler chicks.
MATERIALS AND METHODS

Birds and Management
This experiment was conducted in an experimental farm, Department of Animal Science, Chonbuk National University, Korea. Chicks were bedded with rice husk and stocking density (10 birds/m 2 ) was maintained in each pen. Supplementary heat was provided by hot water pipes (85 cm) under the floor.
The room temperature was maintained at 33℃ for the first week, and then reduced by 2∼3℃ per week until it reached 22℃ on 28 d, which was maintained until the end of the experiment. The mean relative humidity was 60 to 65% and was kept constant within this range throughout the experiment. Chicks had ad libitum access to commercial pellet and water, and diets were formulated to meet the nutrient requirements according to NRC (1994) . When the set temperature and humidity were exceeded, fan was operated automatically and circulated fresh air inside the pen. To prevent any preferences for familiar odors interfering with the treatment, each pen were cleaned daily. During the two experiments, body weight and feed intake were determined at weekly intervals.
The feed conversion ratio was calculated by dividing the feed intake and weight gain. All managements of chicks and experimental procedures were conducted in accordance with the Institutional Animal Care and Use Committee at Chonbuk National University, Korea.
Experiment 1
A total of 480 day One -day-old Ross × Ross broiler chicks (39.54 ± 0.49 g) were arranged in a factorial design (3 × 2) in which three energy (3,000, 3,100 and 3,200 kcal/ kg ME) and two protein levels (pre-starter 22, 23%, starter 20, 21% and finisher 18, 19% CP). Each treatment was replicated 5 times with 16 chicks per replicate. The composition of the experimental diets is shown in Table 1 .
Blood Characteristics and Bone Mineral Density
Ten birds from each treatment were selected according to mean body weight and blood samples were taken by puncturing the wing vein, and the serum was collected at the end of the experiment, and stored at -70℃until analysis. Biochemical blood parameters, including glucose (GLU, mg/dL), total protein (TP, g/dL), albumin (ALB, g/dL), total cholesterol 
Experiment 2
In experiment 1, chicks were provided three level of ME (3,000, 3,100 and 3,200 kcal/kg) and two level of CP during the 35 days rearing period and identified that the 3,000 kcal/ kg did enhance chick's performance. Therefore, in experiment 2 design was the same protein in diets as the Expt 1 except the ME concentration (pre-starter : 3,000, 3,050 and 3,100 kcal/kg, starter : 3,050, 3,100 and 3,150 kcal/kg, finisher : 3,100, 3,150 and 3,200 kcal/kg) in the diet. All other procedures were as described for experiment 1. Blood and bone samples were collected and analyzed using the procedures as described for experiment 1.
Statistical Analysis
In both experiments, data were analyzed as 3 × 2 (3 levels of ME and 2 levels of dietary protein) arrangement of treat- Wheat 3.000 3.000 3.000 3.000 3.000 3.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000
.000 3.000 3.000 3.000 3.000 3.000
Soybean oil 2.500 3.250 4.000 2.500 3.250 4.000 1.000 2.000 3.000 1.000 2.000 3.000 1.000 2.000 3.000 1.000 2.000 3.000 Limestone .100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100
Chemical composition ME(kcal/kg) 3,000 3,100 3,200 3,000 3,100 3,200 3,000 3,100 3,200 3,000 3,100 3,200 3,000 3,100 3,200 3,000 3,100 3,200 CP (%) 22.00 22.00 22.00 23.00 23.00 23.00 20.00 20.00 20.00 21.00 21.00 21.00 18.00 18.00 18.00 19.00 19.00 19.00 Calcium 1.100 1.100 1.100 1.100 1.100 1.100 1.000 1.000 1.000 1.000 1.000 1.000 0. 1 Contains per kg: vit. A, 12,000,000 IU; vit D 3 , 5,000,000 IU; vit E, 50,000 IU; vit K 3 , 3,000 mg; vit B 1 , 2,000 mg; vit B 2 , 6,000 mg; vit B 6 , 4,000mg; vit B 12 , 25 mg; Biotin, 200 mg; folica cid, 2,000 mg; niacin, 70,000 mg; pantothenic acid, 20,000 mg. 2 Contains per kg; Cu, 20,000 mg; Co, 500 mg; Fe, 50,000 mg; I, 1,300 mg; Mn, 120,000 mg; Se, 300 mg; Zn, 100,000 mg. ments by two-way analysis of variance using the GLM procedure in SAS (9.1., Cary, NC, 2002). Duncan's new multiplerange test was performed to identify differences (Steel and Torrie, 1980) . A P-value<0.05 was considered significant.
RESULTS AND DISCUSSION
The performance (BW, FI and FCR) of the broilers in experiment 1 was influenced by the interaction of ME and CP in the diet (Table 3) . During the pre-starter period (0∼7 days), performance were not influenced by the dietary ME and CP. Extending the grow-out period from 8 to 21 days, resulted in increased weight gain and feed intake numerically Wheat 3.000 3.000 3.000 3.000 3.000 3.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000
Soybean oil 3. Vit. premix 1 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100
Min. premix 2 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100
Chemical composition ME(kcal/kg) 3,000 3,050 3,100 3,000 3,050 3,100 3,050 3,100 3,150 3,050 3,100 3,150 3,100 3,150 3,200 3,100 3,150 3,200 CP (%) 22.00 22.00 22.00 23.00 23.00 23.00 20.00 20.00 20.00 21.00 21.00 21.00 18.00 18.00 18.00 19.00 19.00 19.00 Calcium 1.100 1.100 1.100 1.100 1.100 1.100 1.000 1.000 1.000 1.000 1.000 1.000 0. ,000,000 IU; vit D 3 , 5,000,000 IU; vit E, 50,000 IU; vit K 3 , 3,000 mg; vit B 1 , 2,000 mg; vit B 2 , 6,000 mg; vit B 6 , 4,000 mg; vit B 12 , 25 mg; Biotin, 200 mg; folic acid, 2,000 mg; niacin, 70,000 mg; pantothenic acid, 20,000 mg. 2 Contains per kg; Cu, 20,000 mg; Co, 500 mg; Fe, 50,000 mg; I, 1,300 mg; Mn, 120,000 mg; Se, 300 mg; Zn, 100,000 mg. in chicks in 3,000 × 20 and 3,000 × 21 kcal of ME/kg and CP treatments. When the growth period was extended further (22∼35 days), weight gain was increased (p<0.05) to the interaction of ME and CP level (3,000 × 18 and 3,000 × 19) in the diet might be due to increased feed intake and thus enhanced growth performance. Although we did not measure fat deposition in the present trial, but have measured serum lipid properties (glucose, cholesterol and HDL) and which were increased numerically with the energy content in the diet.
: P>0.05, therefore no meaning. Therefore, dietary interaction of 3,000 kcal ME and 19% CP would enhance growth performance. In follow up studies, a small increase was observed when dietary energy was increased from 3,050 to 3,150 kcal/ kg on 2∼3 wks and 3,100 to 3,200 on the 4∼5 wks of age (Table 5 ). It might be hypothesized that it could be happened due to the small range of ME and CP levels used in the present study. Between the feeding trials, dietary energy and CP had no significant effect on FCR, but feed intake was increased with decreasing dietary energy and protein dependant manner, indicating that birds can regulate their feed intake based on energy and protein consumption (Sterling et al. 2003 and Nahashon et al, 2005) . In consistent, Hidalgo et al. (2004) increased dietary energy from 3,020 to 3,196 kcal/kg and reported that there were no significant differences in growth rate, feed consumption and feed conversion. Thereafter, Lesson et al. (1996 a,b) who supplied various levels of dietary energy (2,700, 2,900, 3,100 and 3,300 kcal/kg) which had not significantly effect on growth rate and recommended that broilers have good ability to control its feed intake based on energy content in the diet. In another experiment, Sizemore and Sigel, (1993) reported higher growth rate, less feed consumed and improved feed conversion when chicks were fed diets formulated to 3,190 kcal of ME/kg compared to 2,712 kcal of ME/kg during the starter period (0 to 21 d), and thus increased body weight. In contrast, Saleh et al. (2004. a,b) used various levels of ME (3,023 to 3,383) and highest growth was achieved under the 3,276 kcal/kg of ME treatment at 21, 42 and 49 days of age (p<0.05). Thus, the variation of broilers performance to the dietary energy and protein might be due to the variation of dietary ME and CP level, feed composition, age and strain of the bird. on bone health (Son Sook Mee, Ye Na Chun 2004). There was no interaction between ME × CP on bone mineral density (BMD) of broiler chicks in this study. When dietary energy level increased from ME 3,000 to 3,200 kcal/kg and 1% CP level, BMD was increased numerically but the effect was non-significant (Table 4) . However a further modification of dietary energy level in different growth stage (Table 6 ) had no additional effect on bone characteristics. So, it can be assumed that modification of energy and protein content of the diet without altering the Ca:P ratio had no effect on bone mineral density of the broilers chicks (Kwon et al, 2009 ).
Dietary protein and carbohydrate has an important impact
Therefore, the present results suggested that dietary modification of ME within the range of 3,000 to 3,200 kcal/kg and decreasing 1% CP did not adversely affect on the bone mineral In both experiments, as expected, serum albumin levels was increased numerically as dietary CP level was increased (Table   4 and Table 6 ). There was no interaction between dietary energy and protein on blood characteristics, but dietary energy increased from 3,100 to 3,200 kcal/kg in the diet had increased serum glucose level from 237.16 to 281.28 mg/dL (Table   6 ). So it can be assumed that increased dietary ME and CP increases serum glucose level via two processes (1) an enhancement of de novo lipogenesis (Rosebrough and Steele. 1985, Swennen et al., 2005) and (2) a decreased whole body fat oxidation consecutive to the rise in carbohydrate oxidation (Shah and Garg, 1996) . Therefore, serum triglycerides, total cholesterol and HDL contents were tended to increase with the energy increments in the diet. In another experiment, Swennen et al. (2005) mentioned that plasma triglycerides level was increased due to energy and protein ratio in the diet. Liver function was assessed at the end of both experiments by determining serum AST and ALT levels (Tables 4   and Table 6 ). In both experiments, serum AST and ALT were not influenced by the interaction of ME and CP in the diet, but birds under the 3,200 kcal/kg ME and 19% CP dietary treatments tended to show lower activities and which indicated healthy flock. On the other hand, higher level of AST was found in Experiment 2 may be due to a particular experimental environment over time. 
